Volume 8

Issue 4

Article 3

Electrocardiographical Pitfalls in Endurance Trained Athletes
PHILIP CLAESSENS
Department of Cardiology, Imeldaziekenhuis, Bonheiden, Belgium

CHRISTOPHE CLAESSENS
Department of Internal Medicine, University Hospital Gasthuisberg, Leuven, Belgium

MARC CLAESSENS
Department of Internal Medicine, University Hospital Gasthuisberg, Leuven, Belgium

JOS HENDERIECKX Heart and Sports Academy, Nottebohm, Antwerpen, Belgium

Follow this and additional works at: https://www.jhkcc.com.hk/journal

Recommended Citation
PHILIP CLAESSENS, CHRISTOPHE CLAESSENS, MARC CLAESSENS, JOS HENDERIECKX, Heart and Sports Academy,
Nottebohm, Antwerpen, Belgium Electrocardiographical Pitfalls in Endurance Trained Athletes Journal of the Hong
Kong College of Cardiology 2022;8(4):165-178 https://doi.org/10.55503/2790-6744.1386
This Original Article is brought to you for free and open access by Journal of the Hong Kong College of Cardiology. It has been
accepted for inclusion in Journal of the Hong Kong College of Cardiology by an authorized editor of Journal of the Hong Kong
College of Cardiology.

Electrocardiographical Pitfalls in Endurance Trained Athletes
PHILIP CLAESSENS 1, CHRISTOPHE CLAESSENS2, MARC CLAESSENS 2, JOS HENDERIECKX3, JAN
CLAESSENS4
From Department of Cardiology, Imeldaziekenhuis, Bonheiden, Belgium1; Department of Internal Medicine,
University Hospital Gasthuisberg, Leuven, Belgium2; Heart and Sports Academy, Nottebohm, Antwerpen, Belgium3;
Department of Cardiology, Eeuwfeestkliniek, Antwerpen, Belgium4

CLAESSENS ET AL.: Electrocardiographical Pitfalls in Endurance Trained Athletes. Purpose: "Sudden cardiac
death" in seemingly healthy, active and complaintless people is always a tragic fact and occurs more and more. So
the preventive detection of "subjects at risk" becomes a priority. A traditional resting electrocardiogram sometimes
give useful information. Methods: 52 competitive triathletes were compared with 22 control persons with similar
anthropometric parameters. All the subjects underwent the same non-invasive cardiac exploration with
electrocardiography, bidimensional echo-doppler examination and maximal spiro-ergometric exercise tests, as well
on the stationary bicycle as on the treadmill. Results: In the triathletes we noted manifest signs of eccentric as well
as concentric left ventricular hypertrophy with arguments for a supernormal diastolic left ventricular function, with
important haemodynamical adjustments and with consequences on the resting electrocardiogram. We described the
"ten commandments" for a possible pathological electrocardiogram in healthy competitive athletes. We suspect that
the occurrence of ventricular premature beats at peak load of a maximal exercise could be the first expression of a
pathological cardiac adaptation to sports activities. Conclusions: The resting electrocardiogram can show interesting
details in order to detect the "subjects at risk" for problems such as possible lethal arrhythmias and "sudden cardiac
death". The analysis of the four subgroups of the triathletes compels us to feel dubious about the "Athletic Heart
Syndrome" as physiological entity. In several cases the "Athletic Heart" is possibly a transitional situation to a
pathological hypertrophic and dilated cardiomyopathy. (J HK Coll Cardiol 2000;8:165-178)
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Introduction

Methods

During the last decade increasingly older age
people take part in recreational and competition sports.
In the younger age group there is a tendency to train
much more intensively.
Despite increasing, and sometimes obligatory,
preventive medical investigations, the problem of
"sudden cardiac death" is always a dramatic problem
and still common occurring.
The main cause of sudden cardiac death is almost
always ventricular fibrillation.
Most scientists are convinced that almost every
subject of "sudden cardiac death" had a pre-existing
structural heart disease and that the physical effort
during sports was only the "trigger" of the fatal incident
called "sudden cardiac death".
The resting electrocardiogram of competitive
triathletes frequently shows anomalies considered as
physiological and attributed to structural physiological
cardiac adaptations to enforced endurance training.1,2
The resting electrocardiogram is the most
obvious, banal and standard examination that every
sportsman shall undergo initially and so we posed two
questions: "Are the described electrocardiographical
anomalies really always physiological?" and "Is it in
the future possible to detect and to treat risk-athletes
and more generally risk-subjects for sudden cardiac
death?"3

A group of 52 male triathletes was compared with
a group of 22 active male control subjects. All of the
triathletes were engaged in competition. The 52
triathletes were classified into 4 groups of 13 triathletes
based on their results in the superprestige competition.
The 13 best triathletes were placed in Group I and the
13 with the poorest results in Group IV. The athletes
with average and mediocre results were placed into
groups II and III.
The 22 control subjects were young, healthy and
active. They did not participate in competition
or recreational sports. The control group consisted of
11 gendarmerie officers and 11 senior male nurses
(Figure 1).
All the subjects were examined in the same period
of their training program and at the same time of the
day, between 4 and 8 p.m.
A 12 lead rest electrocardiogram was recorded
at a paper speed of 50 mm/sec.
By means of bidimensional cardiac echo-doppler
examination, the cardiac structure and function was
defined. All echocardiographic measurements were
taken at the end of the expiration with the subject lying
on the left side. All cardiac echo-doppler measurements
were taken for 5 consecutive beats. The average value
of those 5 measurements was used for statistical
analysis.4

4 subgroups of 13 athletes,
classified according to their
results in superprestige
athletic competitions.

Physically fit persons, very busy
and active, who did not participate
in sports

Figure 1. Subjects.
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Maximal incremental exercise tests on a
stationary bicycle were performed under continuous
electrocardiographic monitoring and registration. We
determined the maximal oxygen consumption and the
ventilatory threshold. To assess the lactate threshold,
we took lactate determinations every 3 minutes during
the exercise test. The lactate determinations were
performed by finger prick. Exactly one week later and
in the same circumstances we performed a programmed
incremental maximal exercise test on the treadmill under
continuous electrocardiographic monitoring and with
lactate determinations every 3 minutes too.
All the data were statistically processed and the
variance was analyzed. The F- and p-values were
defined. A p-value = 0.001 was taken to indicate
statistical significance. To prove there were statistically
significant differences between the different groups of
the triathletes, we compared the 4 groups of triathletes
with the Scheffé-method. Between the statistically
significantly different parameters, correlation
coefficients (r) were worked out, and scatter diagrams
were constructed.
The study was approved by the Investigation
Review Board and the Ethical Committee at the

Eeuwfeestkliniek, Antwerpen and at the Heart and
Sports Academy, Nottebohm, Antwerpen. All the
participants in our study provided informed consent
prior to their participation.

Results
Anthropometric data and general physical
parameters of the groups were similar (Table 1).
However, there are significant differences
between the two groups in cardiac structure. Signs of
both concentric and eccentric left ventricular
hypertrophy were observed (Table 2).5-10
The maximal diastolic left ventricular internal
diameter was markedly higher in the triathletes than in
the control group. The same statistically significant
differences occurred in the diastolic right ventricular
internal diameter, in the diastolic interventricular
septum thickness and in the diastolic left ventricular
posterior wall thickness.
Significant differences between the two groups
were observed when the diastolic left ventricular mass
in grams was calculated and the external circumference

Table 1. General physical parameters
Variable

n

Age (years)
Weight (kg)
Height (cm)
Systolic bloodpressure at rest (mm Hg)
Diastolic bloodpressure at rest (mm Hg)
Difference chest circumference inspir./expir. (cm)
Mean reaction time on visual stimulus (ms)

52
52
52
52
52
52
52

Triathletes
average
SD
32.6
73.4
177.7
135
76
6.3
144.2

n

6.7
8.4
6.3
9.3
8.7
2.1
13.4

22
22
22
22
22
22
22

Triathletes
average
SD

n

Control group
average
SD
33.31
78.4
177.9
132
77
5.8
146.8

5.9
12.2
6.5
10.2
9.3
2
10.5

ANOVA
p
nsd
nsd
nsd
nsd
nsd
nsd
nsd

Table 2. Cardiac structure
Variable

n

Diastolic left ventricular internal diameter (cm)
Diastolic left ventricular posterior wall thickness (cm)
Diastolic interventricular septum thickness (cm)
Diastolic right ventricular internal diameter (cm)
Diastolic left ventricular mass (g)

52
52
52
52
52

167

5.48
0.99
1.07
2.23
264.1
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0.47
0.14
0.20
0.43
55.7

22
22
22
22
22

Control group
average
SD
5.16
0.88
0.92
1.87
196.5

0.35
0.18
0.20
0.62
37.69

ANOVA
p
<0.01
<0.01
<0.01
<0.01
<0.001
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of the left ventricle in diastole was determined.
These changes in the cardiac structure had
repercussions on the cardiac function. Notwithstanding
a manifest left ventricular hypertrophy, the cardiac
function systolic as well as diastolic, was perfectly
normal in the triathletes, and there was evidence for a
supernormal diastolic left ventricular function.11-13 For
the supernormal diastolic left ventricular function, two
parameters, independent of heart rate, were important
and statistically significantly different between the

triathletes and the control group: first, the amplitude of
the septal excursion at the end of the diastole of the left
ventricle, following atrial contraction (ASEAC, Figure
2) and the time between the onset of the P-wave and
the onset of the systolic septal contraction or the onset
of the systolic contraction of the left ventricular posterior
wall (Table 3).
The structural and functional cardiac adaptations
caused important haemodynamical adjustments. The
maximal performance capacity, as well on the bicycle

Figure 2. ASEAC: Amplitude of the excursion of the endocardium of the
interventricular septum at the end of the diastole of the left ventricle,
occurring just after the atrial contraction.
J HK Coll Cardiol, Vol 8
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Table 3. Cardiac function - systolic and diastolic left ventricular function
Variable

n

Triathletes
average

SD

n

Fractional shortening (%)
Ejection fraction Teichmann (%)
Cardiac output from left ventricular outflow tract
(LVOT) doppler (l/min)
Diastolic filling period mitral flow (sec)
Diastolic filling period tricuspid flow (sec)
Amplitude septal excursion following atrial
contraction (mm) (ASEAC)
Time between P-wave and onset of systolic septal
contraction (sec)
Time between P-wave and onset of systolic
contraction of left ventricular posterior wall (sec)
E/A-ratio
Isovolumetric relaxation period (sec)
Mean diastolic velocity septum (cm/sec)
Mean diastolic velocity posterior wall (cm/sec)

52
52
52

38.433
0.678
5.568

5.336
0.065
1.252

22
22
22

40.027
0.698
5.962

6.192
0.073
1.352

nsd
nsd
nsd

52
52
52

0.729
0.750
5.576

0.161
0.186
1.265

22
22
22

0.507
0.518
2.545

0.093
0.093
0.686

<0.001
<0.001
<0.001

52

0.205

0.044

22

0.250

0.042

<0.001

52

0.254

0.05

22

0.315

0.051

<0.001

52
52
52
52

1.747
0.062
2.805
8.098

0.504
0.013
1.425
2.143

22
22
22
22

1.459
0.070
2.899
8.386

0.278
0.008
1.162
1.964

nsd
<0.05
nsd
nsd

as on the treadmill, was statistically significantly higher
in the triathletes. We noticed the same statistically
significant differences between both groups, concerning
the maximal oxygen consumption, the value of the
ventilatory threshold, the aerobic capacities and the
blood lactate concentration 20 minutes post maximal
exercise tests (Table 4).14-18
Those structural and functional cardiac
adaptations with haemodynamical adjustments had
consequences on the resting electrocardiogram.19,20 The
RR interval in the triathletes was significantly longer;
the PQ interval was longer and the Sokolow index (SV1
+ RV6) was significantly higher (Table 5).
Remarkable ST segment denivellations of more
than 1.5 mm in the left precordial leads or ST segment
elevations of more than 2 mm in the right precordial
leads were noted sporadically in the group of triathletes,
but never in the control group (Figure 3). The existence
of a notched QRS complex in lead III and the occurrence
of an incomplete right bundle branch block in the right
precordial leads was more frequent in the triathlon group
(Figure 4).
On the resting electrocardiogram of the healthy,
competitive triathlete, we noted sporadically a negative
T-wave of more than 3 mm in the left precordial leads
as well as a biphasic T-wave in the right or the left
169

Control group
average
SD

ANOVA
p

precordial leads (Figure 5.1, 5.2).
The heart rate at the end of the maximal
exercise test, as well on the bicycle as on the treadmill,
was constantly and statistically significantly higher
in the control group compared with the triathletes
(Table 6).
During the last two minutes of all maximal
exercise tests, we noted and counted all the ventricular
premature beats.21-23 From these data we conclude that
the triathletes ran a much higher risk for developing
ventricular premature beats at the end of a maximal
exercise test than did the control group. The risk factor
for triathletes of developing ventricular premature beats
was 5.37, while the same risk in the control group was
only 1.43 (Table 7).
In the scatter diagrams the triathletes and the
control group emerged as two different entities with
two separate groups and clouds without any overlap.
When we set for instance ASEAC out versus the
isovolumetric relaxation period, then we noted two
populations without overlapping (Figure 6).
The analysis of the four subgroups of the
triathletes showed no significant differences in the
structural heart changes (Table 8). There were also no
significant differences among the 4 subgroups in
systolic or diastolic cardiac function (Table 9).
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Table 4. Haemodynamical and functional parameters
Triathletes

Control group

ANOVA

Variable

n

average

SD

n

average

SD

-results
p

Maximal oxygen consumption on bicycle (l/min)
Maximal oxygen consumption per kg on bicycle
(ml/min.kg)
Maximal oxygen consumption on treadmill (l/min)
Maximal oxygen consumption per kg on treadmill
(ml/min.kg)
Maximal performance on bicycle (min)
Maximal performance on bicycle (Watt)
Maximal performance per kg on bicycle (Watt/kg)
Maximal performance on treadmill (min)
Maximal performance on treadmill (km/h)
Aerobic capacity on bicycle (%)
Ventilatory threshold bicycle (l/min)
Ventilatory threshold treadmill (l/min)
Lactate 20 min. post-test on bicycle concentration
(mmol/l)
Lactate 20 min. post-test on treadmill concentration
(mmol/l)

52
52

4.6
63.7

0.7
8.4

22
22

3.0
39.8

0.6
8.2

<0.001
<0.001

52
52

4.8
65.8

0.6
9.4

22
22

3.5
45.8

0.6
8.6

<0.001
<0.001

52
52
52
52
52
52
52
52
52

19.5
377.5
5.1
19.0
19.5
61.8
3.6
4.0
4.4

2.2
38.0
0.5
2.2
1.3
12.9
0.6
0.6
1.8

22
22
22
22
22
22
22
22
22

13.7
282.0
3.6
11.5
14.8
44.4
2.0
2.5
7.3

2.2
37.4
0.5
2.1
1.4
12.6
0.5
0.6
2.3

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

52

3.7

1.5

22

6.6

2.1

<0.001

Table 5. Electrocardiographical parameters
Variable

n

Triathletes
average

SD

n

PQ-interval in lead II (sec)
RR-interval (sec)
Sum of S in lead V1 and R in lead V6 (mm)

52
52
52

0.175
1.194
43.7

0.034
0.194
9.0

22
22
22

Variable

n

Triathletes
average

SD

n

Maximal heart rate on treadmill (beats/min)
Maximal heart rate on bicycle (beats/min)

52
52

183
181

9
9

22
22

Control group
average
SD
0.153
0.93
35.1

0.021
0.123
9.3

ANOVA
p
<0.01
<0.001
<0.001

Table 6. Maximal heart rate
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Control group
average
SD
195
191

8
9

ANOVA
p
<0.001
<0.001

170

ELECTROCARDIOGRAPHICAL PITFALLS ATHLETES

Figure 3. Electrocardiogram of a healthy competitive triathlete (29 years old): remarkable ST segment denivellation with negative T-waves in the left precordial leads
and ST segment elevation in the right precordial leads.

Figure 4. Electrocardiogram of a healthy competitive triathlete (22 years old): Incomplete right bundle branch block
and notched QRS complex in lead III.
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Figure 5.1. Electrocardiogram of a healthy competitive triathlete (30 years old): Pathological
Sokolow-index with ST segment denivellations and deep negative T-waves in the left precordial
leads.

J HK Coll Cardiol, Vol 8

October 2000

172

ELECTROCARDIOGRAPHICAL PITFALLS ATHLETES

Figure 5.2. Electrocardiogram of a healthy competitive triathlete (26
years old): Pathological Sokolow-index with ST segment denivellations
and deep negative T-waves in the left precordial leads. Moderate ST
segment elevations with an image of an incomplete right bundle branch
block in the right precordial leads.

diastolic filling period mitral flow (sec)

1,4

1,2

1

0,8

a
b

0,6

c
0,4

d
0,2
1

2

3

4

5

6

7

8

9

amplitude septal excursion following atrial contraction (ASEAC) (mm)

Figure 6. Scatter diagram between two parameters (ASEAC and isovolumetric
relaxation period) showing statistically significant differences between the
triathletes and the control group. Notwithstanding a very poor correlation
coefficient, there is no overlapping between the two groups. Both groups behave
themselves totally different and independent.
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Table 7. Number of ventricular premature beats per group
Number of ventricular
extrasystoles
1
<5
>5
n
13
13
13
13
52
11
11
22

weighed
triathletes 1
triathletes 2
triathletes 3
triathletes 4
Total triathletes
Male nurses
Gendarmes
Total control

1
4
3
6
0
13
3
3
6

3
0
12
6
12
30
3
0
3

6
18
0
6
12
36
0
0
0

Total

Total/n

Factor

22
15
18
24
79
6
3
9

1.69
1.25
1.38
2.18
1.61
0.55
0.30
0.43

5.63
4.17
4.60
7.27
5.37
1.83
1.00
1.43

Table 8. Cardiac structure of triathletes divided in 4 distinctive groups of 13 athletes each
Group 1
Variable
Diastolic left ventricular
internal diameter (cm)
Diastolic left ventricular
posterior wall thickness
(cm)
Diastolic interventricular
septum thickness (cm)
Diastolic left ventricular
mass (g)

aver.

Group 2

Group 3

Group 4

SD aver. SD aver. SD

1&2

1&3

1&4 2&3 2&4 3&4

0.4

5.3

0.5

nsd

nsd

nsd

nsd

nsd

nsd

0.95

0.13 1.02 0.10 1.01 0.18

0.99

0.15

nsd

nsd

nsd

nsd

nsd

nsd

1.03

0.21 1.10 0.19 1.06 0.19

1.08

0.22

nsd

nsd

nsd

nsd

nsd

nsd

250

54

nsd

nsd

nsd

nsd

nsd

nsd

268

48

5.5

SD

0.4

71

0.3

aver.

5.6

269

5.4

ANOVA-results

267

49

Table 9. Cardiac function of triathletes divided in 4 distinctive groups of 13 athletes each
Group 1
Variable

aver.

SD

Group 2
aver.

SD

Group 3
aver.

SD

Group 4
aver.

SD

ANOVA-results
1&2 1&3 1&4 2&3 2&4 3&4

Fractional shorting (%)
37.9 6.1 39.7 6.5 38.1 5.1 37.9 3.2
nsd
Amplitude septal
5.6
1.0
5.5
1.4
5.9
1.1
5.0
1.3
nsd
excursion following
atrial contraction (mm)
Diastolic filling period
0.762 0.143 0.738 0.108 0.739 0.248 0.679 0.108 nsd
mitral flow (sec)
E/A-ratio
1.9
0.5
1.7
0.6
1.6
0.3
1.6
0.3
nsd

J HK Coll Cardiol, Vol 8
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nsd
nsd

nsd
nsd

nsd
nsd

nsd
nsd

nsd
nsd

nsd

nsd

nsd

nsd

nsd

nsd

nsd

nsd

nsd

nsd
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Discussion
"Sudden cardiac death" in young and apparently
healthy subjects is not a very frequent problem, but it is
indeed a dramatic problem. Till now preventively
tracing or treating of "subjects at risk" has been rarely
successful, notwithstanding the fact that many victims
of "sudden cardiac death" have an underlying and
detectable structural heart disease and the fact that – in
at least 25% of cases – omens and complaints like
palpitations, angina pectoris and syncope tendency
precede the fatal event.
In preventive cardiac investigations we have to
focus attention on the interpretation of classical, noninvasive methods like echocardiography and equally
electrocardiography.
The structural heart changes observed in the
triathletes, (a thickening of the ventricular walls, an
increased ventricular mass and an enlarged internal left
ventricular diameter) are similar to and completely
comparable with the structural heart changes observed
with pressure and volume overloading of the left
ventricle in pathological conditions such as aortic valve
disease and arterial hypertension. 24,25 Unlike
pathological left ventricular hypertrophy, as occurs in
aortic valve disease and arterial hypertension, in which
a diastolic left ventricular dysfunction is always
observed, diastolic left ventricular function in triathletes
was completely normal and clearly different from that
in the control group.26-28 The standard parameters, which
gave an idea about the diastolic left ventricular function,
were perfectly normal in the triathletes as well as in the
control group. During the early active diastolic
relaxation period, the hypertrophic left ventricle of the
triathletes and of the control subjects was similar and
normal. The most important differences between both
groups were seen during the late diastolic passive filling
period. Along with distinct signs of myocardial
hypertrophy in triathletes, there were signs of improved
diastolic function, mainly with improved myocardial
elasticity of the left ventricular muscle in the late passive
diastolic filling period. Thus, in our opinion there was
an increased diastolic reserve in the triathletes. This
increased diastolic reserve may be very useful for their
athletic performance because, with a faster heart rate,
when the diastolic time is shorter, the left ventricle could
fill itself better and more easily.
Because of structural and functional heart

175

adaptations a triathlete succeeds to increase his maximal
performance capacity. Due to this he can finish a
triathlon with only minimal changes in the homeostasis
of his cardiovascular, haemodynamic and metabolic
functions over a long span of time.29-31
Despite the physical performance capacity of the
triathlete is much higher than that of the control subject,
the heart rate at the end of a maximal exercise test, as
well on the bicycle as on the treadmill, is always higher
and statistically significantly different in the control
group compared with the triathlete group. Logically we
expected that the exhausted control subject at the end
of his maximal exercise test should show more
ventricular premature beats than did the trained athlete.
So we were very surprised to note that the risk factor
for developing ventricular premature beats at the end
of a maximal exercise test was 5.37 in the triathlon
group, while the same risk factor in the same
circumstances was only 1.43 in the control group. The
triathletes with the largest internal diameter of the left
ventricle are the most obvious subjects to develop
ventricular arrhythmias at the end of a maximal exercise
test. Also the duration of the exercise test plays a role:
the longer the duration the higher the risk for ventricular
arrhythmias.32
Ventricular premature beats at the end of a
maximal exercise test occurred more frequently in the
triathletes, who had specific characteristics on the
resting electrocardiogram that usually are considered
to be within physiological limits and protocolled as an
"Athletic Heart".33
However, we doubt the physiological character
of some electrocardiographic findings, as we rarely
noted them in our triathletes, certainly when these
findings were associated with an important eccentric
and-or concentric left ventricular hypertrophy and with
the appearance of ventricular premature beats at the end
of a maximal exercise test.
So we would propose "Ten Commandments" for
a possible pathological electrocardiogram in healthy
competitive athletes: an important prolongation of the
RR interval and of the PQ interval; a significantly
increased Sokolow index; ST segment denivellations
of more than 1.5 mm in the left precordial leads; ST
segment elevations of more than 2 mm in the right
precordial leads; negative T-wave of more than 3 mm
in the left precordial leads; the image of a striking
incomplete right bundle branch block and the existence
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of a notched QRS complex in lead III; the appearance
of biphasic T-waves in the right and/or the left precordial
leads and the occurrence of "banal" ventricular
premature beats at rest or during a maximal exercise
test.
Traditionally we assume that those
electrocardiographic, structural and functional heart
adaptations with haemodynamical adjustments in
triathletes, are a physiological result of regular and
enforced endurance activities and training.
An argument against the physiological entity of
an "athletic heart" is given by the analysis of the four
subgroups of the triathletes. Indeed, there are no
significant differences in the structural and functional
heart adaptations of the 4 subgroups of triathletes. Not
all of the triathletes showed an enlarged internal
diameter of the left ventricle or a manifest wall
hypertrophy. It was apparently not necessary to have
an "athletic heart" to become a triathlete or to win a
triathlon. In our group there were several excellent
athletes with normal left ventricular diameters, with a
nonhypertrophic myocardial wall and with a normal left
ventricular mass. It was not the best triathlete with the
best competition results who had the most
characteristics of eccentric and concentric left
ventricular hypertrophy. It was also not the triathlete
with the greatest training volume who had the most
extensive heart adaptations. This very variable and
inconsistent physiological response of the heart to
training and physical activity between the different
subgroups of triathletes indicates that other and probably
in particular genetic factors play a role in the structural
heart adaptations in triathletes.
We suspect that subjects, giving evidence of
manifest and progressive structural and functional heart
adaptations and showing some specific
electrocardiographic characteristics due to enforced
endurance sports activities, are probably situated on a
large scale ranging from a perfectly normal, uniform,
normotrophic, normokinetic and nondilated heart to a
nonuniform, hypokinetic, hypertrophic and dilated
heart. The occurrence of ventricular premature beats at
peak load of a maximal exercise test is a first indication
that for this specific subject the limit of the physiological
cardiac adaptations to sports activities is just exceeded.
In these circumstances, the ventricular premature beats
are an expression of a pathological cardiac adaptation
to sports activities (Figure 7).

J HK Coll Cardiol, Vol 8

Conclusions
There are distinct and statistically significant
differences between the triathletes and the control group
concerning cardiac structure and function with
haemodynamical adjustments.
The structural heart adaptations are mainly
characterized by a concentric as well as an eccentric
left ventricular hypertrophy with arguments for an
increased diastolic reserve and a supernormal diastolic
left ventricular function.
These structural and functional cardiac
adaptations in triathletes had consequences on the
resting electrocardiogram. We aren't convinced about
the always physiological nature of these
electrocardiographic findings.
We described the "ten commandments" for a
possible pathological electrocardiogram in healthy
competitive triathletes. When one or more of these
electrocardiographical abnormalities are observed, a
more profound cardiac investigation with bidimensional
cardiac echo-doppler examination and maximal spiroergometric exercise tests undoubtedly has to be done
with the intention to exclude a possible underlying
structural heart disease.
If on peak load of maximal exercise tests
ventricular premature beats are detected and if by
bidimensional cardiac echo-doppler examination an
important concentric and eccentric left ventricular
hypertrophy is noted, then the physiological character
of the above described electrocardiographical findings
and characteristics is very doubtful. In those
circumstances one have to advise against doing
competition sport. Further invasive cardiac exploration
with heart catheterisation, coronarography,
electrophysiology and NMR-investigation has to be
planned.
The "Athletic Heart Syndrome" as a physiological
entity seems dubious.

Summary
•
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In enforced endurance trained athletes sometimes
alterations on the resting electrocardiogram are
noted. Traditionally they are interpreted as a normal
variant and fitting under the terms of a
physiological "Athletic Heart Syndrome". We
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Position of the "athletic heart" and possible start,
presumed inception of "pathological" cardiac
adaptations to athletic activities.
1. Normal heart
2. physiological cardiac adaptations to athletic activities with signs of eccentric as well concentric
hypertrophy: "Athletic Heart".
3. pathological cardiac adaptation to athletic activities with signs of a dilated hypertrophic and
hypokinetic left ventricle.
Figure 7. Supposed and probable course of ASEAC (amplitude of the septal excursion following on atrial
contraction). When the cardiac adaptations to athletic activities remain within the physiological limits, we
note a symmetrically dilated heart with signs of eccentric as well as concentric hypertrophy and with a
distinctly increased ASEAC value. When cardiac hypertrophy increases, it leads to an asymmetric, hypertrophic,
dilated, and hypokinetic left ventricle with a decreased ASEAC value.

•

•
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described these electrocardiographical findings as
the "Ten Commandments" for a possibly
pathological electrocardiogram.
In particular cases these electrocardiographical
alterations are accompanied by signs of a manifest
eccentric and concentric left ventricular hypertrophy
and by ventricular premature beats at peak load of
a maximal spiro-ergometric exercise test.
In these conditions the abnormalities on the resting
electrocardiogram of the triathletes aren't anymore
physiological. They are a first indication of an
evolution to a pathologically hypertrophic and
dilated cardiomyopathy.

•
•

The resting electrocardiogram is useful to detect
the "subjects at risk" for problems as "sudden
cardiac death".
The "Athletic Heart Syndrome" as physiologic
entity is debatable.
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